Educational Objectives {#s5}
======================

By the end of this module, learners will be able to: 1.Describe how the most common types of skin cancer (squamous cell carcinoma \[SCC\], basal cell carcinoma \[BCC\], and melanoma) are classified.2.Understand the relationship between hallmark histological and clinical features for SCC, BCC, and melanoma.3.Describe key histological differences (architectural, cellular, and stromal) between nevi and melanoma.4.Identify clinical ABCDE (asymmetry, border irregularity, color variation, diameter &gt; 6 mm, and evolution) features of dysplastic nevi and melanoma that make them distinct from benign nevi.5.Describe the four main subtypes of melanoma (superficial, nodular, lentigo maligna, and acral).6.Describe the three main subtypes of benign nevi (junctional, compound, and dermal).

Introduction {#s6}
============

The flipped classroom is an emerging pedagogy being adapted by medical schools across the country to encourage more effective self-directed learning, especially in preclinical years.^[@ref001]^ This video module was produced for a new flipped classroom dermatology curriculum for 170 first-year medical (135) and dental (35) students at Harvard Medical School (HMS), first implemented in Fall 2015 (Harvard medical and dental students enroll in the same 14-month preclinical curriculum).

Learner gains (via knowledge and attitude outcomes) have been previously documented when using concept videos in the context of a flipped classroom in health professions education.^[@ref002]--[@ref004]^ Moreover, concept videos and the overall flipped classroom pedagogy are attractive to millennials, who are visual learners and prefer to learn at their own pace.^[@ref005],[@ref006]^

Because they require baseline knowledge of clinical and histological terms and more familiarity with the clinical context, readily available self-directed introductory learning resources about skin cancer^[@ref007]--[@ref009]^ are not developmentally appropriate for first-year medical students. This is not surprising given that most preclinical medical students have limited exposure to dermatology.^[@ref010]^ Many introductory dermatological texts target senior medical students and/or dermatology residents. To begin to fill the gap for novice learners, we created a skin cancer video module at our institution for first-year medical and dental students to view as a primary resource in preparation for case-based learning activities facilitated by faculty in the classroom. The video format also has the benefit of being learned any time, any place, thus allowing students with little to no formal coverage of dermatology in early years of any health professions track to supplement their education with this self-directed module.

In addition to using dynamic visual displays that engage millennial learners, the video module was designed using cognitive load theory.^[@ref011]^ For example, side-by-side comparisons of cartoon drawings and actual hematoxylin and eosin stain histological images help reduce the cognitive load for novice learners as they activate prior knowledge to build and reorganize schemas for understanding the key histological features of skin cancers. The video module was also designed using the learning science principle of interleaving.^[@ref012]^ Although the four videos have distinct learning goals, there is purposeful interleaving of concepts related to three cancers---basal cell carcinoma (BCC), squamous cell carcinoma (SCC), and melanoma---within and among videos to emphasize causal pathways (e.g., atypical cancer cells can stimulate an immune response) common to all of the skin cancers and facilitate long-term retention of salient distinctions among these lesions.

This resource is most appropriate for novice health care professionals. Only prior knowledge of the basic structure of the skin (i.e., layers of epidermis, dermis, subcutaneous fat and sublayers of the epidermis) and how to describe dermatological lesions (e.g., using terms like papule, plaque, macule, etc.) is required prior to viewing these videos; this material is typically covered at the start of most preclinical dermatology curricula. It is also helpful to have an understanding of core concepts in histology, but many key concepts can be inferred from the videos. Finally, although these videos were designed in the context of a flipped classroom model, they can be readily adapted for use in a diverse range of settings (e.g., viewed by learners prior to or after a traditional lecture, viewed to supplement clinical encounters, viewed when the learner wants to review fundamental concepts, etc.).

Methods {#s7}
=======

Given that many health professions schools aim to foster self-directed learning in time-constrained curricula, this module is designed for students to complete in 1.5 to 2 hours. Although no direct faculty support is required for learners to complete this freestanding module, we envision the module will supplement subsequent learning experiences with faculty in the classroom or clinic where students can expand on content presented here.

We provided this module to first-year medical and dental students in an introductory dermatology curriculum, but the target audience can be any novice health professions student. In a flipped classroom design, students were assigned to view these videos and complete self-assessment questions prior to faculty-led sessions that involved discussion of clinical cases involving BCC, SCC, and melanoma (approximately 1 hour each).

Logistically, all that is required for learners to complete this module is a computing device that can play MP4 videos and support viewing PDF files. Learning materials in the module are listed below in the recommended learning sequence: •[Appendix A](#s001){ref-type="supplementary-material"}. Skin Cancer Learner Guide contains a session overview, learning goals, and list of key terms.•[Appendix B](#s002){ref-type="supplementary-material"}. Video 1-Intro to Skin Cancer includes classification of SCC, BCC, and melanoma (8 minutes, 15 seconds).•[Appendix C](#s003){ref-type="supplementary-material"}. Video 2-Keratinocyte Skin Cancer includes the histological-clinical correlations of BCC and SCC (18 minutes, 37 seconds).•[Appendix D](#s004){ref-type="supplementary-material"}. Video 3-Overview of Pigmented Lesions includes the histological and clinical features of nevi and melanoma (13 minutes, 56 seconds).•[Appendix E](#s005){ref-type="supplementary-material"}. Video 4-ABCDE and Melanoma includes the ABCDE (asymmetry, border irregularity, color variation, diameter &gt; 6 mm, and evolution) rule and clinical-histological correlations (13 minutes, 34 seconds).•[Appendix F](#s006){ref-type="supplementary-material"}. Skin Cancer Annotated Slides contains the slides featured in the videos.•[Appendix G](#s007){ref-type="supplementary-material"}. Skin Cancer Self-Assessment contains 10 multiple-choice questions, with answers and explanations provided.

Note that videos should be viewed in sequence and self-assessment questions should be completed at the end of the module. If learners choose not to watch all the videos in one sitting, they may find it useful to view Videos 1 and 2 together (total viewing time is 26 minutes, 52 seconds) followed by Videos 3 and 4 (total viewing time is 27 minutes, 30 seconds) as these video pairs roughly cover distinct topics (i.e., keratinocyte skin cancer and melanoma/nevi, respectively). Self-assessment questions were ungraded in order to create a safe learning space, and answers were provided to give learners real-time feedback with clinical pearls. Annotated slides were offered as another resource to help synthesize the content upon student request based on feedback from prior courses.

Although these videos can be viewed by students independent of formal coursework, from our experience, they work well when paired with a clinical or classroom-based activity that can activate prior knowledge students have learned by watching the videos. Videos were created using Microsoft PowerPoint 2016 (slides), Wacom Bamboo Tablet model CTL-470 (video annotations), Blue Microphones Snowball USB Microphone (sound), and TechSmith Camtasia Studio Version 8.6 (recording video and editing).

Results {#s8}
=======

One-hundred seventy first-year medical and dental students at HMS were assigned the video module to prepare for in-class activities led by individual faculty members. Although we could not quantify what proportion of students viewed the videos, comments from students about the videos in an end-of-course survey were overwhelmingly positive, with many citing the module as one of the most effective preparatory materials for the course. Below are representative excerpts from student comments about the materials included in the module: •"The Skin Cancer module prep materials were extremely effective... . For instance, I watched the videos, and then used the annotated slides to review the material later or during the \[review questions\]."•"I really appreciate the use of cartoon parallels to histological slides as a priming for understanding the actual histological slides."•"I will never forget how to diagnose skin cancer because of the clarity in which the material was explained. The technology was appropriately used and the information was extremely well represented."•"The videos were extremely well done because they were relatively short, they were informative, and they had a great mix of real images and slides."•"The videos were so straightforward and did a phenomenal job connecting the histology with the gross presentation of the lesions."•"\[T\]here was just enough repetition so I felt like I recalled the information after completing the prep."

Discussion {#s9}
==========

Too often, gross and histological manifestations of skin cancer are just memorized by medical students without deep appreciation for the underlying clinical-histological correlations. The goal of this introductory skin cancer video module was to create a developmentally appropriate, engaging, video-based resource for novice learners that can serve as the foundation for further learning about these cancers in clinical or classroom-based settings. The video module can be used in a wide variety of contexts but has worked particularly well in a flipped classroom for a preclinical joint medical-dental school dermatology block.

The greatest challenge was the time and effort involved in producing the concept videos. This required choosing and formatting original and/or noncopyrighted images in a palatable and engaging format. We found it was beneficial to have a fourth-year medical student produce and record the videos because she had more cognitive and social congruence with first-year medical students than did experienced faculty members, which is consistent with literature on near-peer teaching,^[@ref013]^ making the material more accessible to these learners as evidenced by written feedback comments.

This resource was not meant to be comprehensive, but the major limitation of the resource is that it does not contain in-depth content about epidemiology, risk factors, and management of BCC, SCC, melanoma, or nevi. This information can be supplemented through textbook readings and/or taught at later stages of training.

In the future, our goal is to create similar videos for histological-clinical correlations of other common skin lesions. A disadvantage of most dermatology texts is that static histological and clinical images are often not annotated and are difficult to interpret by novice learners. A video offers a unique medium to highlight histological-clinical correlations that are often inaccessible or not very well highlighted for novice learners in textbooks.

Given that students appreciate multiple learning modalities, which is consistent with Kolb\'s theory for experiential adult learning^[@ref014]^ and data on millennial learners,^[@ref005]^ more kinesthetic and interactive features (e.g., flash cards of lesions that allow students to directly circle pathologies and highlight the hallmark histological findings) may be valuable supplements to these concept videos in the future. We also hope to do more quantitative outcome studies (e.g., pre- and posttest) to evaluate the effectiveness of this module on learner knowledge outcomes in the future.

Appendices {#s10}
==========

###### 

A. Skin Cancer Learner Guide.pdf

B. Video 1- Intro to Skin Cancer.mp4

C. Video 2- Keratinocyte Skin Cancer.mp4

D. Video 3- Overview of Pigmented Lesions.mp4

E. Video 4- ABCDE and Melanoma.mp4

F. Skin Cancer Annotated Slides.pdf

G. Skin Cancer Self-Assessment.pdf
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